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C BY-NC-Abstract Seventy-ﬁve actinomycete isolates were isolated from different soil samples collected from
different localities in Egypt. One of the actinomycete culture AZ-SH-29 from three cultures was
found to produce a wide spectrum antimicrobial agent. The actinomycete isolate AZ-SH-29 matches
with Streptomyces ramulosus in the morphological, physiological, and biochemical characters. Thus,
it was given the suggested name Streptomyces ramulosus-AZ-SH-29. The parameters controlling the
biosynthetic process of the antimicrobial agent formation including; different pH values, different
temperatures, different incubation period, and different carbon and nitrogen sources, were fully
investigated. The active metabolite was extracted using ethyl acetate (1:1, v/v) at pH 7.0. The sepa-
ration of the active ingredient and its puriﬁcation were performed using column chromatography
(CC) technique. The physico-chemical characteristics of the puriﬁed antimicrobial agent have been
investigated. This analysis indicates a suggested imperical formula of C20H25N2O5. The minimum
inhibition concentrations ‘‘MICs’’ of the puriﬁed antibiotic and antiviral test were also determined.
The puriﬁed antimicrobial agent was suggestive of being belonging to Depsipeptide (Mikamycin)
group (Vernamycin-A antibiotic) produced by Streptomyces ramulosus, AZ-SH-29.
ª 2010 King Saud University. Production and hosting by Elsevier B.V.Open access under CC BY-NC-ND license.1. Introduction
Most antibiotics currently in use nowadays are substances
produced by Streptomycetes. Therefore, many antibiotics ofl.com (H.M. Atta).
y. Production and hosting by
Saud University.
lsevier
ND license.the Streptomycetes origin have been isolated and studied in
recent years. As a result of this intense search many valuable
preparations have been obtained and used successfully in agri-
culture, food industry, and medicine (Egorov, 1985). Herbert
and Katharine (2003) reported that vernamycin-A belongs to
Depsipeptide (Mikamycin) group. Vernamycin-A inhibits the
non-enzymatic binding of fMet-tRNA to 70-S ribosomes and
to 50-S subunits, and can displace previously bound fMet-
tRNA from 70-S ribosomes. Vernamycin-A inhibits the
binding of fMet-tRNA to a puromycin reactive site (P site),
which is not affected by tetracycline (Moazed and Noller,
1987). Although vernamycin-A inhibits the puromycin reaction
in model systems it does not inhibit peptide bond formation
occurring on polysomes. Consequently, the antibiotic probably
inhibits peptide bond formation in model in vitro systems
not by directly inhibiting peptide bond formation, but by inhib-
248 H.M. Atta et al.iting the binding of the tRNA to the ribosome. (Hansen et al.,
2003).
The vernamycin-A is active against Gram positive and
Gram-negative bacteria. The vernamycin-A has molecular
weight 422.38 and empirical formula C20H25O5N2, and (U.V)
absorption spectrum was recorded at 230 and 270 nm. (Umeza-
wa, 1977).Plate 1 Scanning electron micrograph of the actinomycete
isolate AZ-SH-29 growing on Starch-nitrate agar medium, spore
chain spiral shape and spore surfaces smooth (X 7, 500).2. Materials and methods
2.1. Actinomycete isolate
The actinomycete isolate AZ-SH-29 was isolated from soil
sample collected from sharkia governorate. It was puriﬁed
using the soil dilution plate technique described by Williams
and Davies (1965).
2.2. Screening for antimicrobial activity
The anti- microbial activity was determined according to
Kavanagh (1972).
2.3. Characterization studies of actinomycete isolate (AZ-SH-
29)
2.3.1. Morphological characteristics
Morphological characteristics of aerial hyphae, spore mass,
spore surface, color of aerial and substrate mycelia, and solu-
ble pigments production were conducted by growing the
organism on ISP- media.
2.3.2. Physiological and biochemical characteristics
Lecithinase was detected using egg–yolk medium according to
the method of Nitsh and Kutzner (1969); Lipase (Elwan et al.,
1977); Protease (Chapman, 1952); Pectinase (Hankin et al.,
1971); a-amylase, (Ammar et al., 1998) and Catalase Test
(Jones, 1949). Melanin pigment (Pridham et al., 1956-57).
Esculin broth and xanthine have been conducted according
to Gordon et al. (1974). Nitrate reduction was performed
according to the method of Gordon (1966). Hydrogen sulﬁde
production was carried out according to Cowan (1974). The
utilization of different carbon and nitrogen sources was carried
out according to Pridham and Gottlieb (1948).
Determination of Diaminopimelic acid (DAP) and sugar
pattern was carried out according to Becker et al. (1964),
and Lechevalier and Lechevalier (1968).2.3.3. Color characteristics
The ISCC-NBS color –Name Charts illustrated with centroid
detection of the aerial, substrate mycelia, and soluble pigments
(Kenneth and Deane, 1955) was used.
2.4. Parameters controlling antimicrobial agent biosynthesis
These included inoculum size, incubation period, pH values,
incubation temperatures; different carbon and nitrogen
sources, glucose and sodium nitrate have been determined by
the standard methods.2.4.1. Fermentation
Twenty-liter total volume was ﬁltered through Whatman No.1
ﬁlter paper, followed by centrifugation at 5000 rpm for 20 min.
The clear ﬁltrates were tested for their activities against the test
organisms (Sathi et al., 2001).
2.4.2. Extraction
The clear ﬁltrate was adjusted at different pH values (4 to 9)
and extraction process was carried out using different solvents
separately at the level of 1:1 (v/v). The organic phase was con-
centrated to dryness under vacuum using a rotary evaporator.
2.4.3. Precipitation
The precipitation process of the crude compound dissolved in
the least amount of the solvent was carried out using petro-
leum ether (b.p 60-80 C) followed by centrifugation at
5000 rpm for 15 min. The precipitate was tested for its antibac-
terial activities (Zhang et al., 2007).
2.4.4. Puriﬁcation
The puriﬁcation of the antimicrobial agent(s) was carried out
using silica gel column (2 · 70) chromatography. Chloroform
and Methanol 9:1 (v/v), was used as an eluting solvent. The
column was left overnight until the silica gel (Prolabo) was
completely settled. One-ml crude precipitate to be fractionated
was added on the silica gel column surface and the extract was
adsorbed on top of silica gel. Fifty fractions were collected
(each of 5 ml) and tested for their antimicrobial activities.
2.5. Bioautography of the puriﬁed antimicrobial agent under
study
Twenty microliters of the puriﬁed antimicrobial compound
were loaded on paper chromatographic strips and the Rf values
were calculated upon application of different solvent systems
according to Blinov and Khokhlove, 1970). After development,
the paper strips (Whatman No.1) were air-dried and placed on
agar plates seeded withMicrococcus lutues, ATCC 9341, Staph.
aureus-NCTC 7447, B.subtilis NCTC 10,400 E. coli, NCTC
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cans, IMRU 3669 as the test bacterial strains.
2.6. Physico-chemical properties of the antimicrobial agent
2.6.1. 1- Elemental analysis
The elemental analysis C, H, O, N, and S was carried out at the
micro analytical center, Cairo University, Egypt.
2.6.2. Spectroscopic analysis
The IR, UV, Mass spectrum, and NMR spectrum were deter-
mined at the micro analytical center of Cairo University,
Egypt.
2.6.3. Reaction of the antimicrobial agent with certain chemical
test
For this purpose, the following reactions were carried out:
Molish’s, Fehling, Sakaguchi, Ninhydrin, Ehrlish, Nitroprus-
side, Ferric chloride, and Mayer reactions.
2.6.4. Biological activity
The minimum inhibitory concentration (MIC) could be deter-
mined by the cup assay method (Kavanagh, 1972).
2.6.5. Characterization of the antimicrobial agent
The antimicrobial agent produced by Streptomyces cyaneus, AZ-
SH-29was identiﬁed according to the recommended international
references of Umezawa (1977),Berdy (1974, 1980a, 1980b, 1980c).3. Results
3.1. Screening for the antimicrobial activities
The metabolites of the actinomycete isolate AZ- SH-29 exhib-
ited various degrees of activities against Gram positive and
Gram-negative bacteria and unicellular fungi.
3.2. Characterizations of the actinomycete isolate, AZ-SH-29
3.2.1. Morphological characteristics
Spore chain are spiral, spore mass are gray and grayish pink;
spore surfaces are smooth, and substrate mycelium is light yel-
lowish brown and light brown and diffusible pigment produc-
tion is moderate yellowish brown plate (1).Table 1 Effect of different of incubation period on the production
SH-29.
Incubation
period (s)
Dry weight of
mycelium
(g/100 ml)
Mean values of inhibition zones (mm) again
Micrococcus lute,
ATCC 9341
Staph. auru es,
NCTC 7447
B.subtilis
10,400
2 1.41 22.5 22.0 21.0
3 2.04 26.8 25.4 24.0
4 2.51 33.0 31.5 30.5
5* 2. 79 38.0 37.5 36.5
6 2.70 38.0 37.0 36.5
7 2. 67 37.8 36.8 36.2
8 2.54 37.5 36.5 36.0
* Mean values of 3 determination were calculated.3.2.2. Cell wall hydrolysate
The cell wall hydrolysate contains LL-diaminopimelic acid
(LL-DAP) and sugar pattern is not detected.
3.3. Physiological and biochemical characteristics
The actinomycete isolate AZ-SH-29 could hydrolyze protein,
starch, lipid pectin, lecithin, and cellulose but catalase test is nega-
tive andMelaninpigment is negative.Thedegradationof xanthine,
esculine, production of H2S and nitrate reduction are positive but
decomposition of urea; and utilization of citrate are negative.
The isolate AZ-SH-29 utilizes D-Mannose, D-Glucose,
Rhamnose, Mannitol, L-Arabinose, Rafﬁnose, Maltose, L-Cyc-
teine, L-Phenylalanine, L-Arginine, and Sodium citrate,
whereas, D- Galactose, Sucrose, meso-Inositol, Lactose, L-Va-
line, and L-Histidine are negative. Growth in the presence of
up to (10%) NaCl. The growth is not inhibited in the presence
of sodium azide and phenol. The actinomycete isolate is not
resistant to Amoxicillin, Augmentin, Carbenicillin, Cefadroxil,
Gentamycin, Cephardine, Ceptrine, Chloramphinicol, Cloxa-
cillin, Doxycycline, Erythromycin, Keﬂex, and Noroxin.
3.3.1. Color and culture characteristics
The isolate AZ-SH-29 exhibited good growth on starch-nitrate
agar medium, the aerial mycelium is medium gray, substrate
mycelium is light yellowish brown, and diffusible pigment is
moderate yellowish brown.No growth on tryptone-yeast extract
brothmedium (ISP-1. good growth on yeast extract-malt extract
agarmedium (ISP-2) the aerialmycelium is light yellowish brown
and diffusible pigment is moderate yellowish brown. No growth
on Oat-meal agar medium (ISP-3). Moderate growth was de-
tected on inorganic salts-starch agar medium (ISP-4) the aerial
mycelium is grayish pink, substrate mycelium is pale orange yel-
low and diffusible pigment is brilliant orange yellow. No growth
on glycerol – asparagine agarmedium (ISP-5).Good growthwas
detected on peptone yeast extract-iron agarmedium (ISP-6), aer-
ialmyceliummedium ismediumgray; substratemycelium is light
yellowish brown and diffusible pigment moderate brown. Good
growth was detected on tyrosine agar medium (ISP-7), aerial
mycelium is light gray; substrate mycelium is light brown, and
diffusible pigment is moderate yellowish brown.
3.4. Identiﬁcation of actinomycete isolate, AZ-SH-29
This was performed basically according to the recommended
international Keys viz. (Buchanan and Gibbson, 1974;of antimicrobial agent produced by Streptomyces ramulosus AZ-
st*
NCTC Klebsiella pneumonia,
NCIMB 9111
E. coli, NCTC
10,416
Candida
albicans,IMRU 3669
14.0 16.0 0.0
17.2 19.0 14.0
21.6 22.5 17.0
24.0 27. 0 20.0
24.0 27. 0 20.0
24.0 26. 8 19.6
23.4 26. 5 19.0
Table 2 Effect of different pH values on the production of antimicrobial agent produced by Streptomyces ramulosus AZ-SH-29.
Diﬀerent
pH values
Dry weight of
mycelium
(g/100 ml)
Mean values of inhibition zones (mm) against*
Micrococcus lutea,
ATCC 9341
Staph. aureus,
NCTC 7447
B.subtilis NCTC
10,400
Klebsiella pneumonia,
NCIMB 9111
E. coli,
NCTC 10,416
Candida albicans,
IMRU 3669
4 0.40 0.0 0.0 0.0 0.0 16.0 0.0
5 1.13 20.5 19.0 18.0 0.0 19.0 0.0
6 1.72 26.0 25.0 24.0 20.5 23.0 17.2
7* 2.81 39.0 37.5 37.0 24.5 27. 5 20.0
8 2.12 30.0 29.0 28.0 20.6 23. 8 16.0
9 1.07 20.0 18.0 17.8 13.0 18.0 0.0
10 0.0 0.0 0.0 0.0 0.0 0.0 0.0
* Mean values of 3 determination were calculated.
250 H.M. Atta et al.Williams, 1989; and Hensyl, 1994). On the basis of the previ-
ously collected data and in view of the comparative study of
the recorded properties of AZ-SH-29 in relation to the most
closest reference strain, viz. Streptomyces ramulosus it could
be stated that actinomycetes isolate, AZ-SH-29 is suggestive
of being related to Streptomyces ramulosus, AZ-SH-29.
3.5. Parameters controlling the biosynthesis of the antimicrobial
agent
3.5.1. Incubation period
Maximum antimicrobial agent production could be recorded
for an incubation period for 5 days Table 1.Table 3 Effect of different Incubation temperatures on the produc
AZ-SH-29.
Incubation
temperatures(C)
Dry weight of
mycelium
(g/100 ml)
Mean values of inhibition zones (
Micrococcus
lutea, ATCC
9341
Staph. aureus,
CTC 7447
25 1.68 26.0 25.0
30* 2.88 39.2 38.0
35 2.16 34.0 33.0
40 1.52 27.0 26.0
45 0.34 0.0 0.0
50 0.0 0.0 0.0
* Mean values of 3 determination were calculated.
Table 4 Effect of different carbon sources on the production of ant
Diﬀerent carbon
sources
Dry weight of
mycelium
(g/100 ml)
Mean values of inhibition zones (mm
Micrococcus lutea,
ATCC 9341
Staph. aureus,
NCTC 7447
D-Glucose* 2.92 39.5 38.8
Lactose 2.55 37.2 36.0
Maltose 2.16 32.5 31.0
D-Galactose 1.52 27.0 26.0
Sucrose 2.28 34.0 33.0
Starch 2.88 39.2 38.0
D- Fructose 1.01 20.0 19.0
* Mean values of 3 determination were calculated.3.5.2. pH value
The biosynthesis of the antimicrobial agent reached its
maximum yield in the production medium adjusted at pH
7.0 Table 2.
3.5.3. Incubation temperature
Maximum production of the antimicrobial agent could be re-
corded at an incubation temperature of 30 C Table 3.
3.5.4. Carbon source
Glucose was found to be the best carbon source for the antimi-
crobial agent production with concentration 2.5 g/100 ml
Table 4, Table 5.tion of antimicrobial agent produced by Streptomyces ramulosus
mm) against*
B.subtilis
CTC 10,400
Klebsiella
pneumonia,
NCIMB 9111
E. coli, NCTC
10,416
Candida
albicans, IMRU
3669
24.0 16.0 20.0 12.8
37.5 25.0 27. 8 21.0
32.0 21.5 23.0 16.2
25.0 15.5 18. 5 11.4
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
ibacterial agent produced by Streptomyces ramulosus AZ-SH-29.
) against*
B.subtilis NCTC
10,400
Klebsiella
pneumonia,
NCIMB 9111
E. coli,
NCTC 10,416
Candida albicans,
IMRU 3669
38.0 25.2 28.0 21.5
35.5 23.0 25.5 19.2
29.0 20.0 22.0 16.0
25.0 15.5 18.5 11.4
32.0 21.5 23.4 17.0
37.5 25.0 27.8 21.0
18.0 0.0 19.0 0.0
Table 6 Effect of different nitrogen sources on the production of antibacterial agent produced by Streptomyces ramulosus AZ-SH-29.
Diﬀerent
Nitrogen
source
Dry weight of
mycelium
(g/100 ml)
Mean values of inhibition zones (mm) against*
Micrococcus lutea,
ATCC 9341
Staph. aureus,
NCTC 7447
B.subtilisNCTC
10,400
Klebsiella
pneumonia,
NCIMB 9111
E. coli, NCTC 10,416 Candida albicans,
IMRU 3669
*NaNO3 2.85 39.1 37.6 37.5 24.7 27.9 21.3
KNO3 2.71 37.0 36.2 36.0 24.5 27.0 20.5
Casein 2.70 31.5 30.0 29.5 24 26.5 19.8
Y.extract 2.62 30.6 28.2 28.1 23.6 25.7 19.0
Peptone 2.58 30.5 28.0 27.6 23.2 25.2 18.5
Tryptone 2.57 30.5 27.9 27.4 22.8 24.5 18.1
NH4NO3 2.01 29.5 27.5 26.5 22.1 23.6 17.6
NH4Cl 1.95 25.0 23.9 22.0 21.0 23 16.5
Beef extract 1.84 22.6 21.0 19.5 18.0 21.5 16
* Mean values of 3 determination were calculated 0.0 = No growth.
Table 7 Effect of different NaNO3 concentrations on the production of antibacterial agent produced by Streptomyces ramulosus AZ-
SH-29.
Diﬀerent NaNO3
concentrations
(g/100 ml)
Dry weight of
mycelium
(g/100 ml)
Mean values of inhibition zones (mm) against*
Micrococcuslutea,
ATCC 9341
Staph. aureus,
NCTC 7447
B.subtilis NCTC
10,400
Klebsiella
pneumonia
NCIMB 9111
E. coli,
CTC 10,416
Candida albicans,
MRU 3669
0.01 1.01 20.1 18.5 18 0.0 19.5 0.0
0.05 1.57 26.8 26.2 25.3 17 20 16
0.1 1.92 30 28 29.5 21 23 17.5
0.15 2.41 35 33 31 23 25.5 18.3
0.2 2.83 38.2 35 33.9 24 27.2 19.8
0.25 3.20 40.1 38.5 38 24.5 29 22.1
0.3 2.92 37 30 31 20 24 16
0.35 1.84 31 24.5 25 16 19 0.0
* Mean values of 3 determination were calculated 0.0 = No growth.
Table 5 Effect of different glucose concentrations on the production of antibacterial agent produced by Streptomyces ramulosus AZ-
SH-29.
Diﬀerent glucose
concentrations
Dry weight of
mycelium
(g/100 ml)
Mean values of inhibition zones (mm) against*
Micrococcus lutea,
ATCC 9341
Staph. aureus,
NCTC 7447
B.subtilis
NCTC 10,400
Klebsiella pneumonia,
NCIMB 9111
E. coli, NCTC
10,416
Candida albicans,
IMRU 3669
0.5 1.02 20.0 19.0 18.0 0.0 19.0 0.0
1.0 1.57 27.2 26.0 25.0 16.0 19.0 12.0
1.5 2.17 32.5 31.0 30.0 20.5 22.4 16.2
2.0 2.91 39.5 38.8 38.0 25.2 28.0 21.5
2.5* 3.01 40.0 39.0 38.5 25.8 28. 5 22.0
3.0 2.34 35.0 34.0 33.0 22.0 24.0 18.0
3.5 1.74 27.0 26.0 25.0 17.0 21.0 13.0
4.0 1.17 21.5 20.0 19.0 13.0 19.5 0.0
* Mean values of 3 determination were calculated.
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The nitrogen sources exhibited an increase in the level of anti-
microbial agent production by Streptomyces cyaneus, AZ- SH-
29 where sodium nitrate was found to be the best nitrogen
source for the antimicrobial agent production with concentra-
tion 0.25 g/100 ml Table 6, Table 7).3.6. Fermentation and Isolation of the antimicrobial agent
The fermentation process was carried out for ﬁve days at 30 C
using liquid starch nitrate medium as production medium. Fil-
tration was conducted followed by centrifugation at 5000 rpm
for 15 min.
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Figure 1 Antimicrobial activity of fractions obtained using silica
gel column chromatography technique for antimicrobial agent
produced by Streptomyces cyaneus, AZ-SH-29.
Table 8 The RF values of the Bioautography of the antibi-
otics by Streptomyces ramulosus AZ- SH-29.
NO Developing solvent system RF value of
fractions
A Petroleum ether 0.2
B Chloroform 0.8
C n-Butand 0.7
D Ethyl acetate 1.0
E Ethyl acetate: chloroform (1:1) 0.9
F n-Butanol: chloroform (1:1) 0.8
G Methanol 0.7
H Acetone 0.6
I Dist. water 0.0
K Ammonium chloride 0.2
L n-Butanol: Pyridine: water (2.0:0.6:1.0) 0.4
M n-Butanol: Acetic acid: water (1:1:1) 0.5
Figure 3 I.R spectrum of antimicrobial agent.
Figure 4 Mass spectrum of antimicrobial agent.
252 H.M. Atta et al.The clear ﬁltrates containing the active metabolite (20 l),
was adjusted to pH 7.0 then the extraction process was carried
out using Ethyl acetate at the level of 1:1 (v/v). The organic
phase was collected, and evaporated under reduced pressure
using rotary evaporator. The residual material was dissolved
in the least amount of DMSO and ﬁltered. The ﬁltrates were
tested for their antimicrobial activities.
The antimicrobial agent was precipitated by petroleum
ether (b.p. 60–80 C) and centrifuged at 4000 rpm for
15 min where a brown powdered precipitate could be
obtained.
The puriﬁcation process through column chromatography
packed with silica gel indicated that the most active fractions
against the tested organisms ranged between 18 and 31 Fig. 1.
3.7. Bioautography of the puriﬁed antimicrobial agent(s)
It is evident from the results of bioautography that only one
band exhibited an activity against the test organisms at differ-
ent developing solvent systems Table 8.3.8. Physico-chemical characteristics of the antimicrobial agent
The puriﬁed antimicrobial agent produces characteristic odor,
their melting point is 195 C. The compound is freely soluble in
chloroform, Ethyl acetate, Demso, n-Butanol, and diethyl
ether, but insoluble in water, petroleum ether, and hexane.
3.8.1. Elemental analysis
The elemental analytical data of the antimicrobial agent(s) re-
vealed the following: C = 63.54, H = 6.67., N = 7.29 and
O= 21.7 This analysis indicates a suggested imperical formula
of C20H25N2O5.
3.8.2. Spectroscopic characteristics
The ultraviolet (UV) absorption spectrum of the antimicrobial
agent recorded a maximum absorption peak at 230 and 270 nm
(Fig. 2). The infrared (IR) spectrum of the antimicrobial agent
Figure 5 NMR spectrum of antimicrobial agent.
Table 10 Antimicrobial spectrum of the agent by using paper
disk diffusion method (Kavanagh, 1972).
Test organisms MIC (ug/ml)
concentration
A – Bacteria
a. Gram positive cocci
Staph. aureus-NCTC 7447 3.9
Micrococcus lutues-ATCC 9341 3.9
b. Gram positive bacilli
Bacillus pumilus NCTC 8214 7.8
Bacillus subtilis NCTC 10,400 7.8
c. Gram-negative bacteria
Escherichia coli NCTC 10,416 15.62
Klebsiella pneumonia-NCTC 9111 31.25
Pseudomonas aeruginosa ATCC 10,415 31.25
B – Unicellular fungi
Candida albicans IMRU 3669 62.5
Table 11 A comparative study of the characteristic properties
of the antimicrobial agent in relation to Reference antibiotic
(Cirramycin-B) (C.F. Umzawa,1977 and Berdy, 1980,Vol.II).
Characteristic Standard antibiotic Puriﬁed antibiotic
Melting point 193–195 195
Molecular weight 422 422.38
Chemical analysis:
C 63.81 63.81
H 6.79 6.79
N 7.70 7.70
O ND 21.7
S ND 0.0
Ultra violet 210–230 and 270 ml 230 and 270 ml
Formula C20H25O5N2 C20H25O5N2
Active against Gram positive and
Gram-negative bacteria
Gram positive and
Gram-negative bacteria
ND=No Data and - = Negative results.
Table 9 Summarizes the response of the antimicrobial agent
to certain biochemical reactions.
Chemical test Result Remark
Molish’s reaction  Absent of sugar moiety
Fehling test  Absent of free aldehyde
or keto sugar
Ninhydrin test + Present of free-NH2 group
Sakaguchi reaction  Arginin is Absence
Nitroprusside reaction  Absence of Sulfur
Ferric chloride reaction + Present of Di-ketons group
Ehrlish rection  Absence of indolic acid
Mayer reaction + Presence of nitro group
Physico-chemical characteristics of vernamycin-A antibiotic biosynthesis by streptomyces SP-AZ-SH-29 253showed characteristic band corresponding to 13 peaks (Fig. 3).
The Mass spectrum revealed that the molecular weight is
422.38 (Fig. 4). The NMR-Spectrum could be also determined
(Fig. 5).3.8.3. Biochemical reaction of the antimicrobial agent
The reactions revealed the detection of certain groups in the
investigated agent. The antimicrobial agent exhibited positive
results with ninhydrin, ferric chloride, and Mayer tests and
negative results with nitroprusside, Molish’s, Fehling, Sakagu-
chi, and Ehrlish reactions (Table 9).
3.8.4. Biological activities of the antimicrobial agent
Data of the antimicrobial agent spectrum indicated that the
agent is active against Gram-positive and Gram-negative bac-
teria and unicellular fungi (Table 10).
3.8.5. Identiﬁcation of the antimicrobial agent
On the basis of the recommended keys for the identiﬁcation of
antibiotics and in view of the comparative study of the re-
corded properties of the antimicrobial agent, it could be stated
254 H.M. Atta et al.that the antimicrobial agent is suggestive of being belonging to
Depsipeptide (Mikamycin) group (Vernamycin-A antibiotic
(Table 11).
Plate (1). Scanning electron micrograph of the actinomycete
isolate AZ-SH-29 growing on Starch-nitrate agar medium,
spore chain spiral shape and spore surfaces smooth (X 7, 500).4. Discussion
The actinomycete isolate, AZ-SH-29 was isolated from a soil
sample collected from Sharkia governorate, Egypt. The isolate
was grown on starch-nitrate agar medium for investigating its
potency to produce antimicrobial agents. The growth of the
actinomycete isolate exhibited antimicrobial activities against
(Gram-positive and Gram-negative bacteria and unicellular
fungi).
Identiﬁcation process had been carried out according to the
Keys given in Bergey’s Manual Of Determinative Bacteriology
8th edition (Buchanan and Gibbson, 1974), Bergey’s Manual
Of Systematic Bacteriology, vol. 4 (Williams, 1989) and
Bergey’s Manual Of Determinative Bacteriology, 9th edition
(Hensyl, 1994). In view of all the previously recorded data, the
identiﬁcation of the actinomycete isolate AZ-SH-29 was sug-
gestive of being belonging to Streptomyces ramulosus-AZ-SH-
29 which can produce a broad-spectrum antimicrobial agent.
For optimizing the biosynthesis of the antimicrobial agent
from Streptomyces ramulosus-AZ-SH-29, different cultural
conditions such as pH, temperature, and incubation period, ef-
fect of different carbon, and nitrogen sources were studied.
The maximum biosynthesis was achieved at the end of an
incubation period of ﬁve days for the antimicrobial agent pro-
duction. Similar results had been recorded by various workers;
(Adinarayana et al., 2002 and Kharel et al., 2004).
The fact that maximum yield of the antimicrobial agent oc-
curred at the end of an incubation temperature of 30 C was in
complete accordance with those reported by (Hobbs
et al.,1990; Sathi et al., 2001; Lotﬁ et al., 2003).
Data of the effect of different carbon and nitrogen sources on
the production of the antimicrobial agent indicated that Strep-
tomyces ramulosus-AZ-SH-29 require glucose and sodium
nitrate at concentrations 2.5.0 g/100 ml; 0.25 g/100, respectively.
Similar results have been recorded by various workers: (Howells
et al., 2002; El-Naggar et al., 2003 and Criswell et al., 2006).
The active metabolites were extracted by ethyl acetate at
pH 7. Similar results were obtained by Criswell et al. (2006)
and Sekiguchi, et al., (2007).
The organic phase was collected and evaporated under re-
duced pressure using rotary evaporator. The extract was con-
centrated and treated with petroleum ether (b.p. 60–80 C)
for precipitation process, where only one active fraction was
obtained in the form of brown powder. The puriﬁcation pro-
cess through a column chromatography packed with silica
gel and an eluting solvent composed of chloroform and meth-
anol (9:1, v/v) indicated that fractions activities were recorded
from fraction Nos. 18 and 31. Many workers used a column
chromatography packed with silica gel. Similar results were
obtained by Hitchens and Kell (2003), Criswell et al. (2006)
and Sekiguchi, et al. (2007).
The physico-chemical characteristics of the puriﬁed antibi-
otic revealed that, their melting point is 195 C. The compound
is freely soluble in chloroform, Ethyl acetate, Demso, n-Buta-nol and diethyl ethe, but insoluble in water, petroleum ether,
and hexane. Similar results were recorded by Moazed and Nol-
ler (1987).
A study of the elemental analysis of the antibacterial agent
lead to an imperical formula of: C20H25O5N2. The spectro-
scopic characteristics of the antimicrobial agent under study
revealed the presence of a maximum absorption peak in UV
at 230 and 270 nm, infrared absorption spectrum represented
by 11 peaks. The Mass spectrum revealed that the molecular
weight is 422.38 and NMR-spectrum was determined. The bio-
chemical tests of the antimicrobial agent gave positive reaction
with ninhydrin, ferric chloride and Mayer reactions. Similar
results were recorded by Herbert and Katharine (2003).
The MIC of antibiotic was determined and the results
showed that the minimum inhibitory concentration (MIC) of
the compound against Staph. aureus-NCTC 7447 and Micro-
coccus lutues-ATCC 9341, was 3.9 lg / ml, Bacillus pumilus-
NCTC 8214, was 15.62 lg/ ml Klebsiella pneumonia-NCTC
9111 and Pseudomonas aeruginosa -ATCC 10,415, was
31.25 lg/ ml, and for Candida albicans IMRU 3669 was
62.5 lg/ ml. similar investigations and results were attained
by (Umezawa, 1977 and Moazed and Noller 1987).
Identiﬁcation of the antimicrobial agent according to rec-
ommended international keys indicated that the antibiotic is
suggestive of being likely belonging to Depsipeptide (Mikamy-
cin) group (Vernamycin-A antibiotic) produced by Streptomy-
ces ramulosus, AZ-SH-29.References
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